Abstract. Glucose-regulated protein 78 kDa/binding immunoglobulin protein (GRP78/BIP) is a well-known endoplasmic reticulum (ER) chaperone protein regulating ER stress by facilitating protein folding, assembly and Ca 2+ binding. GRP78 is also a member of the heat shock protein 70 gene family and induces tumor cell survival and resistance to chemotherapeutics. Bortezomib is a highly specific 26S proteasome inhibitor that has been approved as treatment for patients with multiple myeloma. The present study first examined the dose-and time-dependent effects of bortezomib on GRP78 expression levels in the highly metastatic mouse breast cancer 4T1 cell line using western blot analysis. The analysis results revealed that GRP78 levels were significantly increased by bortezomib at a dose as low as 10 nM. Time-dependent experiments indicated that the accumulation of GRP78 was initiated after a 24 h incubation period following the addition of 10 nM bortezomib. Subsequently, the present study determined the half maximal inhibitory concentration of intracellular calcium chelator BAPTA-AM (13.6 µM) on 4T1 cells. The combination effect of BAPTA-AM and bortezomib on the 4T1 cells was investigated using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide and WST-1 assays and an iCELLigence system. The results revealed that the combination of 10 nM bortezomib + 5 µM BAPTA-AM is more cytotoxic compared with monotherapies, including 10 nM bortezomib, 1 µM BAPTA-AM and 5 µM BAPTA-AM. In addition, the present results revealed that bortezomib + BAPTA-AM combination causes cell death through the induction of apoptosis. The present results also revealed that bortezomib + BAPTA-AM combination-induced apoptosis is associated with a clear increase in the phosphorylation of stress-activated protein kinase/Jun amino-terminal kinase SAPK/JNK. Overall, the present results suggest that bortezomib and BAPTA-AM combination therapy may be a novel therapeutic strategy for breast cancer treatment.
Introduction
Glucose-regulated protein 78 kDa/binding immunoglobulin protein (GRP78/BIP) is an endoplasmic reticulum (ER) chaperone protein and a member of the heat shock protein (Hsp) 70 family. GRP78 has critical roles in protein homeostasis and the unfolded protein response. It has been identified in numerous organisms from yeast to humans (1) (2) (3) (4) . The expression of GRP78 clearly increases during ER stress, and therefore is used as an ER stress marker (4) . In addition, GRP78 is involved in the integrity and the regulation of the ER, and it prevents the aggregation of misfolded proteins, including apoB100, by targeting them to the degradation by the 26S proteasome (5) . When ER stress occurs, GRP78 is separated from inositol-requiring enzyme 1, protein kinase RNA-like endoplasmic reticulum kinase and/or activating transcription factor 6, thus enabling them to be activated, which leads to the unfolded protein response, cell survival or apoptosis (4) .
Studies have revealed that GRP78 is overexpressed in a wide range of tumors and therefore may be responsible for the resistance to hormonal therapies as well as chemotherapeutics. Zhang et al (6) previously demonstrated that breast and prostate cancer cells resistant to hormonal therapy actively promote GRP78 to the cell surface. In addition, that study revealed that soluble GRP78 forms a complex with phosphoinositide 3-kinase (PI3K), leading to PI3K activation, which is known be activated in various cancer cells resulting in proliferation and therapeutic resistance (6) . In addition, GRP78 forms were identified as mediating resistance to ionizing radiation in a stem cell-like subpopulation within the human breast cancer MCF-7 cell line (7) . Furthermore, when GRP78 is suppressed by lentiviral vectors expressing small interfering (si) RNA, human breast cancer cells become sensitized to etoposide-mediated cell death (8) . Dong et al (8) demonstrated that treatment with combretastatin A4P, a vascular targeting agent, or contortrostatin, an antiangiogenic agent, promoted transcriptional activation of the GRP78 promoter and increased GRP78 protein in MDA-MB-435 xenografts tumor cells. Additionally, the level of GRP78 expression in primary tumors from resected gastric cancer and metastatic lymph nodes was inversely associated with patient survival (9) . Zhang et al (9) demonstrated that knocking down GRP78 expression inhibits tumor cell invasion, growth and metastasis in a xenograft nude mouse model; therefore, leading to the conclusion that a dysregulated expression of GRP78 may contribute to the development and progression of gastric cancer.
Wang et al (10) reported that GRP78 expression appears to be critical to the responsiveness of proteasomal inhibition in various thyroid cancer cell lines; it was demonstrated that insensitive thyroid cancer cell lines are sensitized to the proteasome inhibition by suppression of GRP78. The 26S proteasome inhibitor bortezomib, also known as Velcade or PS-341, interferes with ER responses and improves survival of patients with aggressive hematologic malignant tumors (11) . siRNA silencing of GRP78 renders diffuse large B-cell lymphoma (DLBCL) cell lines sensitive to bortezomib (11). Chen et al (12) demonstrated that exposure of 9l rat brain cells to low concentrations of thapsigargin (TG), a sarcoendoplasmic Ca 2+ -ATPase inhibitor, leads to immediate suppression of general protein synthesis and enhanced induction of GRP78. Those authors also revealed that TG-induced GRP78 expression may be suppressed by cytosolic free calcium (Ca 2+ c ) chelator dibromo-1,2-bis (aminophenoxy) ethane N, N, N', N'-tetraacetic acid (BAPTA), which enters cells as an ester derivative BAPTA-acetoxymethyl ester (BAPTA-AM), and the induction of GRP78 expression was completely inhibited in the presence of 20 µM BAPTA-AM (12). Mozos et al (11) demonstrated that reducing GRP78 expression by treating bortezomib-resistant DLBCL cell lines with prednisone overcomes bortezomib resistance.
The current study examined the expression of GRP78 in response to bortezomib-treatment in the highly metastatic mouse breast cancer 4T1 cell line. The present results revealed that GRP78 is significantly induced in a dose-and time-dependent manner following low doses of bortezomib-treatment. In addition, the results demonstrated that combination treatment with bortezomib and the intracellular calcium chelator BAPTA-AM may be a novel treatment strategy for breast cancer.
Materials and methods
Materials. RPMI-1640 media, fetal bovine ser um (FBS), penicillin/streptomycin, 3-(4,5-dimethylthylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT), leupeptin and BAPTA-AM were obtained from Sigma-Aldrich (St. Louis, MO, USA). Rabbit polyclonal anti-GRP78 and anti-ubiquitin antibodies were obtained from Santa Cruz Biotechnology, Inc. (Dallas, TX. USA), and rabbit polyclonal anti-β-actin antibody was obtained from Abcam (Cambridge, MA, USA). Cell Proliferation Reagent WST-1 was obtained from Roche Diagnostics GmbH (Mannheim, Germany). Bortezomib was generously provided by Dr Engin Ulukaya (Uludağ University, Bursa, Turkey). All other reagents were purchased from Sigma-Aldrich unless otherwise specified.
Cell culture. Mouse breast cancer 4T1 cell line (obtained from Dr Nuray Erin, Akdeniz University, Antalya, Turkey) was cultured in RPMI-1640 (plus 4.5 g/l glucose, 10 mM HEPES, 1 mM sodium pyruvate, 0.15% sodium bicarbonate, 100 µg/ml streptomycin and 100 U/ml penicillin) containing 10% FBS. Cell cultures were maintained at 37˚C in a 5% CO 2 humidified incubator in 25 cm 2 Corning flasks (Corning Incorporated, Corning, NY, USA). The cells were subcultured at ~70% confluency.
Western blot analysis. 4T1 cells (100,000 per 35x10 mm petri dishes) were treated with dimethyl sulfoxide (DMSO; control), 10 µM leupeptin or various concentrations of bortezomib (10-200 nM) for 24 h. For time-dependent experiments, the cells were treated with 10 nM bortezomib for 12, 24 and 48 h. After treatment, the cells were lyzed with radioimmunoprecipitation assay lysis buffer containing protease inhibitor cocktail. A total of 25 or 40 µg protein from each sample was separated by 12% sodium dodecyl sulfate (SDS) polyacrylamide gel electrophoresis. Subsequently, the proteins were transferred to polyvinylidene difluoride membranes at 70 V for 2 h. Subsequently, the membranes were blocked with 5% non-fat dried milk in Tris-buffered saline with Tween 20 (TBS-T). The membranes were then incubated with GRP78 antibody (1:500; catalog no., sc-13968), ubiquitin antibody (1:200; catalog no., sc-9133) or β-actin antibody (1:500; catalog no., ab8227) in TBS-T for 1 h. The membranes were incubated with donkey anti-rabbit horseradish peroxidase (HRP)-conjugated secondary antibody (1:5,000; catalog no., NIF824; GE Healthcare, Chalfont, UK) in TBS-T for 1 h. Finally, the membranes were incubated with Amersham ECL Western Blotting Detection Reagent (GE Healthcare) and exposed to BioMax ® X-ray films (Kodak, Rochester, NY, USA) in a dark room.
MTT-based cytotoxicity assay. In total, 100,000 cells were seeded in 35x10 mm Corning plates. In the logarithmic phase of growth, the cells were treated with various doses of BAPTA-AM and bortezomib (0.5 µM BAPTA-AM, 5 µM BAPTA-AM, 1 nM bortezomib, 10 nM bortezomib, 0.5 µM BAPTA-AM + 1 nM bortezomib, 0.5 µM BAPTA-AM + 10 nM bortezomib, 5 µM BAPTA-AM + 1 nM bortezomib and 5 µM BAPTA-AM + 10 nM bortezomib) for 24 h. Following inhibitor exposure, the cells were treated for 24 h with RPMI-1640 media containing 0.5% FBS + 0.5 mg/ml MTT at 37˚C with 5% CO 2 . Subsequently, the cells were incubated with 3% SDS (200 µl) + 40 mM HCl/isopropanol (1 ml) for 15 min in order to dissolve the MTT-formazan crystals. The absorbance of each sample was recorded at 570 nm (13) (14) (15) . Cell survival was determined by analyzing the data with GraphPad Prism 3.03 software (GraphPad Software, Inc., La Jolla, CA, USA).
Half maximal inhibitory concentration (IC 50 ) determination.
MTT assay was performed as previously described to determine the IC 50 of BAPTA-AM on 4T1 cells. The cells were treated with 100 and 500 nM and 1, 10, 50 and 100 µM BAPTA-AM. The IC 50 value of BAPTA-AM was obtained by fitting the data with a GraphPad Prism 3.03 program to a sigmoidal dose-response curve.
WST-1-based cytotoxicity assay. In total, 1,000 cells were seeded in each well of a 96-well plate. In the logarithmic phase of growth, the cells were treated with various doses of BAPTA-AM and bortezomib (5 µM BAPTA-AM, 1 nM bortezomib, 10 nM bortezomib, 5 µM BAPTA-AM + 1 nM bortezomib and 5 µM BAPTA-AM + 10 nM bortezomib) for 24 h. Following inhibitor exposure, the cells were treated for 1 h with RPMI-1640 media containing 0.5% FBS + 10 mg/ml WST-1 at 37˚C with 5% CO 2 . Subsequently, the absorbance of the wells was recorded by a microplate reader at 450 nm with a reference wavelength at 630 nm.
iCELLigence system. In total, 12,500 cells were seeded onto an E-Plate L8 within an iCELLigence system (ACEA Biosciences, San Diego, CA, USA), which has integrated microelectrode sensors in the bottom of the wells, and were incubated at 37˚C with 5% CO 2 for 96 h. In an iCELLigence system, as the cells proliferate they adhere to the micro-electrodes, and alterations in electrical impedance reflect the biological status of the cells; therefore, the system allows monitoring of time-dependent effects on a cell culture. Cell status is expressed as cell index (CI). In total 24 h later, in the logarithmic phase of the growth, the cells were treated with 10 nM bortezomib, 1 µM BAPTA-AM, 5 µM BAPTA-AM, 1 µM BAPTA-AM + 10 nM bortezomib or 5 µM BAPTA-AM + 10 nM bortezomib. Following a 1 h treatment time, CI measurements were taken.
Apoptotic DNA isolation. In total, 200,000 4T1 cells were seeded in 60x15 mm sterile petri dishes and treated with 10 nM bortezomib, 1 µM BAPTA-AM, 5 µM BAPTA-AM, 10 nM bortezomib + 1 µM BAPTA-AM or 10 nM bortezomib + 5 µM BAPTA-AM at the logarithmic phase of growth for 24 h. Control cells were treated with dimethyl sulfoxide (vehicle for BAPTA-AM). Following treatment, the cells were washed with 1 ml phosphate-buffered saline (PBS) and resuspended in 200 µl PBS. An Apoptotic DNA-Ladder kit (Roche Diagnostics GmbH) was used to isolate DNA, according to the manufacturer's protocol. Equal amounts of DNA (1 µg) from each sample were separated by 1.5% agarose gel electrophoresis at 80 V for 2 h. DNA was visualized by ethidium bromide staining under UV light.
Annexin V and dead cell analyses. In total, 200,000 4T1 cells were seeded in 60x15 mm sterile petri dishes, and cells in the logarithmic phase of growth were treated for 24 h with 10 nM bortezomib, 1 µM BAPTA-AM, 5 µM BAPTA-AM, 10 nM bortezomib + 1 µM BAPTA-AM or 10 nM bortezomib + 5 µM BAPTA-AM. Following treatment, a 100 µl cell sample was prepared using 40,000 cells and 1% FBS. In total, 100 µl Muse ® Annexin V and Dead Cell Reagent (EMD Millipore, Billerica, MA, USA) was added to each sample. The cell samples were mixed thoroughly by pipetting up and down or vortexing at a medium speed for 3-5 sec and were left to stain for 20 min at room temperature in the dark. Following staining, the apoptotic effects of the inhibitors were analyzed by a Muse ® Cell Analyzer (EMD Millipore). (Asp214); caspase-3 (Asp175); and glycogen synthase kinase-3β (Ser9). Briefly, 200,000 cells were seeded in 60x15 mm sterile petri dishes and treated with 10 nM bortezomib, 100 nM bortezomib, 1 µM BAPTA-AM, 5 µM BAPTA-AM, 10 nM bortezomib + 1 µM BAPTA-AM, 10 nM bortezomib + 5 µM BAPTA-AM, 100 nM bortezomib + 1 µM BAPTA-AM or 100 nM bortezomib + 5 µM BAPTA-AM at the logarithmic phase of the growth for 24 h. Following treatment, the medium was removed and the cells were washed with ice-cold 1X PBS. Subsequently, 0.3 ml ice-cold cell lysis buffer was added to each plate and incubated on ice for 5 min. The lysate was centrifuged at 10,000 x g for 10 min at 4˚C. The protein concentration was determined using the Bio-Rad Protein Assay (Bio-Rad Laboratories, Inc., Hercules, CA, USA) with bovine serum albumin as a standard. Briefly, the glass slide array containing the antibodies for the proteins to be analyzed was affixed to a multi-well plate. Subsequently, 100 µl array blocking buffer was added to each well, the wells were covered with sealing tape and incubated for 15 min at room temperature on an orbital shaker. Following blocking, 75 µl diluted lysate (45 µg protein) was added to each well and was incubated for 2 h at room temperature on an orbital shaker. Following washing, 75 µl 1X detection antibody cocktail was added to each well and incubated for 1 h. Subsequently, 75 µl 1X HRP-linked streptavidin was added to each well for 30 min at room temperature. Following washing, the plate was incubated with Lumi-GLO ® /peroxide Reagent (Cell Signalling Technology, Inc.) for 2 min and exposed to Kodak BioMax X-ray films in a dark room.
Statistical analysis. Results were analyzed with GraphPad Prism 3.03 software. Statistical differences between the samples were evaluated using one-way analysis of variance and Bonferroni or Newman-Keuls post-hoc comparisons. P<0.05 was considered to indicate a statistically significant difference.
Results

Effect of bortezomib on GRP78 expression and proteasome inhibition.
The clinical efficacy of proteasome inhibitor bortezomib is hampered by drug-resistant cell phenotypes (16) . Although there may be a number of resistance mechanisms to bortezomib, one primary mechanism is the constitutively high expression of Hsp27 (17) . Initially, the present study investigated the effect of bortezomib on GRP78 expression in a dose-and time-dependent manner in metastatic mouse breast cancer 4T1 cells. The cells were treated with various doses of bortezomib (10, 50, 100 and 200 nM) and 10 µM leupeptin, an inhibitor of lysosomal proteases for 24 h, and GRP78 expression was determined by western blot analysis. As shown in Fig. 1A , bortezomib treatment increased the expression of GRP78 in a threshold-dependent manner. The highest increase in GRP78 expression was observed in response to 10 nM bortezomib treatment. With higher doses of bortezomib, there was a slight decrease in GRP78 expression compared with 10 nM bortezomib. In contrast to expectations, leupeptin also enhanced the expression of GRP78. These results suggest that, in addition to the proteasome, the lysosome plays a role in the regulation of GRP78 expression. To determine whether the proteasome was inhibited with bortezomib treatment, the accumulation of polyubiquitin conjugates were investigated by western blot analysis. As shown by Fig. 1A , polyubiquitin conjugates accumulated in a dose-dependent manner, which indicated that the proteasome was inhibited by bortezomib treatment.
To determine the time-dependent effects of bortezomib treatment, 4T1 cells were treated with 10 nM bortezomib for 12, 24 and 48 h. Following 10 nM bortezomib treatment, there was an increase in GRP78 expression at 24 h, which was sustained until 48 h (Fig. 1B) . By contrast, an accumulation of polyubiquitin conjugates was observed as early as 12 h following 10 nM bortezomib-treatment (Fig. 1B) , indicating that the increase in GRP78 expression occurs following inhibition of the proteasome. β-actin was used as a loading control.
Effects of the intracellular calcium chelator BAPTA-AM.
In order to determine the combined effects of bortezomib and BAPTA-AM, the IC 50 value of BAPTA-AM was investigated using a MTT assay. The IC 50 value of BAPTA-AM was determined as 13.6 µM in the breast cancer 4T1 cell line (Fig. 2) . The IC 50 value of bortezomib was previously determined as 71 nM in 4T1 cells (15) . Since a previous study showed that the expression of antiapototic GRP78 protein may be suppressed in the presence of BAPTA-AM (12), the present study hypothesized that bortezomib + BAPTA-AM combination may be more cytotoxic. Subsequently, the combined effects of bortezomib and BAPTA-AM on the 4T1 cells was investigated based on the IC 50 value of BAPTA-AM determined by the present study. The cells were treated with various doses of bortezomib (1 nM and 10 nM) and BAPTA-AM (0.5 and 5 µM). As shown in Fig. 3A , the combination of 10 nM bortezomib + 5 µM BAPTA-AM was more effective compared with monotherapies (10 nM bortezomib or 5 µM BAPTA-AM alone) (P<0.05). A WST-1 assay was used to verify the findings obtained by MTT assay and similar results were obtained; the combination of 10 nM bortezomib + 5 µM BAPTA was again significantly different compared with 10 nM bortezomib or 5 µM BAPTA-AM treatment alone (P<0.001; Fig. 3B ). (Fig. 4) .
Effects of bortezomib + BAPTA-AM on cell death.
To determine whether cell death was mediated by necrosis or apoptosis in response to treatment with bortezomib + BAPTA-AM, DNA fragmentation was examined using a Roche Apoptotic DNA-ladder kit. As shown in Fig. 5A , DNA was not cleaved in response to a low dose of bortezomib (10 nM), 1 µM BAPTA-AM, 5 µM BAPTA-AM or 10 nM bortezomib + 1 µM BAPTA-AM after 24 h; however, a clear increase in DNA fragmentation (as determined by smearing) was observed following treatment with 10 nM bortezomib + 5 µM BAPTA-AM for 24 h (Fig. 5A ). To confirm that the combination of bortezomib + BAPTA-AM causes cell death primarily through apoptosis, the effect of each inhibitor alone or as combination in 4T1 cells was analyzed using Muse ® Annexin V and Dead Cell Reagent. In control cells and cells treated with 10 nM bortezomib, 1 µM BAPTA-AM and 5 µM BAPTA-AM, 6.3, 6.85, 6.05 and 9.65% early apoptotic cells were detected, respectively, following 24 h of treatment (Fig. 5B) . By contrast, 10.8 and 15.35% of cells were early apoptotic following 24 h treatment with 10 nM bortezomib + 1 µM BAPTA-AM and 10 nM bortezomib + 5 µM BAPTA-AM combinations, respectively. This suggests that 10 nM bortezomib + 5 µM BAPTA-AM combination is more effective compared with inhibitor treatment alone or 10 nM bortezomib + 1 µM BAPTA-AM combination (Fig. 5B) .
Determination of the bortezomib + BAPTA-AM mechanism.
To determine the growth-inhibitory and apoptotic mechanisms of bortezomib + BAPTA-AM combination, the activation/inactivation of various proteins and enzymes were analyzed by PathScan ® Intracellular Signalling Array kit, which is a slide-based antibody array that uses sandwich immunoassay to detect phosphorylation or cleavage of 18 important signalling molecules. As shown by Fig. 6 , although 10 nM bortezomib, 1 µM BAPTA-AM, 5 µM BAPTA-AM and 10 nM bortezomib + 1 µM BAPTA-AM did not affect the phosphorylation level of SAPK/JNK, there was an 86% increase in SAPK/JNK phosphorylation with 10 nM bortezomib + 5 µM BAPTA-AM treatment, which suggests that the growth-inhibitory and apoptotic mechanisms may be mediated through the activation of SAPK/JNK. In addition, a significant increase in SAPK/JNK phosphorylation was detected in response to 100 nM bortezomib alone, 100 nM bortezomib + 1 µM BAPTA-AM and 100 nM bortezomib + 5 µM BAPTA-AM (Fig. 6 ). There were 3.2, 3.7 and 3.9 fold increases observed following treatments with 100 nM bortezomib, 100 nM bortezomib + 1 µM BAPTA-AM and 100 nM bortezomib + 5 µM BAPTA-AM, treatment, respectively as compared to the DMSO-treated control. As shown in Fig. 6 , analysis of the PathScan results indicated that there is no alterations in the phosphorylation or cleavage of the other 17 signalling molecules under the experimental conditions. This result may be partly due to the fact that the antibodies may not have recognized the mouse proteins, since 4T1 breast cancer cells are derived from BALB/c mice.
Discussion
GRP78 overexpression has been observed in a number of malignant cells due to stress-inducing factors, including nutrient deprivation, hypoxia and acidosis in the microenvironment of poorly-perfused solid tumors (18) . The induction of GRP78 favors cancer cell survival and also confers drug resistant phenotypes (6) . Therefore, the present study investigated the expression of GRP78 following treatment with various doses of bortezomib in the metastatic mouse breast cancer 4T1 cell line, which is a p53-null cell line (15) that is commonly used as an in vivo tumor formation model. The present results revealed that the expression level of GRP78 was increased significantly in a threshold-and time-dependent manner following low doses of bortezomib. In addition, the results suggest for the first time, to the best of our knowledge, that the 26S proteasome and lysosomal organelle are involved in the regulation of GRP78 protein. Since GRP78 is an antiapoptotic protein that has been revealed to be responsible for chemotherapeutic resistance in a number of tumors and cell lines (6, 7) , the present study rationalized that the therapeutic response to bortezomib may be increased by simultaneous inhibition of GRP78. Experiments performed in the present study revealed that a combination of a low dose of bortezomib (10 nM) with 5 µM BAPTA-AM, a strong inhibitor of GRP78 (19) , caused significant cytotoxicity compared with monotherapy of bortezomib and BAPTA-AM, as determined by MTT assay. To verify these results, the cells were similarly treated with the same combination of drugs and cell viability was determined by WST-1 assay, which produced similar results as the MTT assay. An iCELLigence system, which allows real-time monitoring of cellular processes and offers distinct and important advantages over traditional end-point assays, revealed that 10 nM bortezomib + 1 µM BAPTA-AM and 10 nM bortezomib + 5 µM BAPTA-AM combination therapies reduced cell proliferation significantly compared with monotherapies for up to 76 h of treatment. These results not only demonstrate that combination therapy is more effective than monotherapy, but also indicate that the inhibitors are either stable for up to 72 h of incubation or damage the cells so that cell proliferation is clearly decreased at longer incubation times.
In addition, the present results revealed that 10 nM bortezomib + 5 µM BAPTA-AM combination treatment causes growth-inhibition and cell death through the induction of programmed cell death (apoptosis). To determine the mechanism of growth-inhibition and apoptosis, the phosphorylation or cleavage of 18 well-known signalling molecules was examined by PathScan analysis. This analysis revealed that there was a significant increase in the phosphorylation of SAPK/JNK following treatment with 100 nM bortezomib alone or a combination of 10 nM bortezomib + 5 µM BAPTA-AM, 100 nM bortezomib + 1 µM BAPTA-AM or 100 nM bortezomib + 5 µM BAPTA-AM. SAPK/JNK belongs to the mitogen-activated protein kinase family, which is involved in the regulation of cell proliferation, differentiation and apoptosis (20) . SAPK/JNK was originally identified as a stress-activated kinase linked to the cell death response, and is known to be activated by several stimuli, including growth factors, cytokines and stress factors (20) . Proteasomal inhibition by MG132 was previously observed to potentiate leukemic cell apoptosis induced by flavopiridol through a SAPK/JNK-and NF-κB-dependent process (21) . Similarly, exposure of chronic myeloid leukemia K562 and LAMA84 cells to bortezomib alone resulted in increased phosphorylation of SAPK/JNK (22) . However, the findings presented by the current study revealed for the first time, to the best of our knowledge, that bortezomib alone or bortezomib + BAPTA-AM induced apoptosis in breast cancer 4T1 cells, which is associated with the phosphorylation/activation of SAPK/JNK.
A previous study revealed that there was an association between loss of sensitivity to the proteasome inhibitor and upregulation of the prosurvival chaperone GRP78 in mantle cell lymphoma samples and cell lines (23) . In addition, Kern et al (24) indicated that bortezomib-resistant solid tumor PC-3 and HRT-18 cell lines were capable of secreting high amounts of GRP78. Kardosh et al (25) demonstrated that small interfering RNA-mediated knockdown of GRP78 renders tumor cells more sensitive to a combination of bortezomib and celecoxib treatment.
The present authors are currently investigating whether the expression of GRP78 is downregulated by BAPTA-AM in response to proteasome inhibitor bortezomib in 4T1 breast cancer cells. Overall, the results from the present study suggest that treatment protocols involving proteasome inhibitors in combination with BAPTA-AM may produce more effective and beneficial outcomes in the therapeutic responses of cancer patients harboring either a wild-type or mutant p53 gene. The present study also hypothesizes that the chemotherapy resistance in cancer cells may be prevented by simultaneous treatment of cancer cells with the proteasome inhibitor bortezomib and BAPTA-AM.
